Abstract: Our paper revisits the determinants of company cash holding. It attempts to explain the cash holding behavior of firms' managers by investigating non-financial companies listed on the London Stock Exchange from 2011 to 2016. Our results indicate that firm size, leverage, cash flow, cash flow volatility, and investment opportunity exert influence on such cash holding behavior. It can be explained by the tradeoff theory, the pecking-order theory and free cash flow theory. Our results may shed light on the decrease in the cash holding level for the post-crisis period.
Introduction
One of the most vital assets for companies is cash. Holding a great amount of cash helps managers run an organization smoothly: the firm does not suffer from a cash-shortage and may not need to raise expensive capital from the external market. However, in some circumstances, such as an imperfect market, managers can take advantage of cash holding and benefit at the shareholders' expense.
There are three theories accounting for cash holding: the trade-off theories (Myers, 1977) , the pecking order theory (Myers & Majluf, 1984) , and the free cash flow theory (Jensen, 1986) . With respect to the trade-off theory, cash and debt share similar features: holding cash can bring benefits and generate costs for shareholders. Under this theory, the firm should have an optimal level of cash ratio, which balances the marginal benefits and marginal cost of holding cash. In contrast to the trade-off theory, Myers & Majluf (1984) imply that there is no optimal cash holding level. Based on this theory, the purpose of holding cash is to lower asymmetric information costs. Finally, according to Jensen (1986) , a manager requires a great amount of cash in his hand because this will bring him power to control the firm. In addition, when the firm has enough cash for future investment, the manager does not need to raise external funds and thus does not need to provide outside investors with information about the firm's investment projects.
There are a number of studies examining cash holding empirically in difference countries. For example, Opler, Pinkowitz, Stulz, & Williamson (1999) and Bates, Kahle, & Stulz (2009) examine the determinants of cash holding of listed companies in the US market. Other related researches have been conducted in Europe, such as in the UK (Ozkan & Ozkan, 2004) and Italy (Bigelli & Sanchez-Vidal, 2010) . In addition, this topic has also been investigated in countries such as the US, Germany and Japan (Pinkowitz & The remainder of the paper is organized as follows. Section 2 reviews the cash holding theory. The next section illustrates data and methodology. Section 4 provides empirical results. Section 5 concludes.
Literature review
Cash can be considered as one of a company's most vital assets since money is needed to pay expenses, as well as to fund future investment. Moreover, holding enormous amounts of cash helps companies survive through crisis periods. Holding cash can give firms some advantages, such as minimizing transaction costs (Opler et al., 1999; Ozkan & Ozkan, 2004; and Ferreira & Vilela, 2004) , avoiding underinvestment problems (Chang & Noorbakhsh, 2009) , efficiently supporting firms' daily activities, and protecting them from the adverse impacts of recession periods (Bates et al., 2009) . Almost all of the extant studies investigating the determinants of firm cash holding are based on three theories: the trade-off theory (Myers, 1977) , the pecking-order theory (Myers & Majluf, 1984) , and the free cash flow theory (Jensen, 1986) .
Trade-off theory
The trade-off theory, also known as the transaction cost theory (Opler et al., 1999) , suggests that each firm has an optimal cash level that balances the marginal benefits with the marginal costs of holding cash. The marginal benefits of holding cash lower the probability of financial distress and avoid the costs of external financing sources. In contrast, the marginal costs include the opportunity cost of holding cash when the firm gives up high returns from other investments.
According to this theory, and due to the economy of scale, the demand for holding cash and the firm size have a negative relationship. Besides, it is arguable that small firms with higher developing potential, which can make them more risky, are likely to hold cash as it is more costly for them to raise funds in the external market (Ferreira & Vilela, 2004 ). This result is empirically supported by Faulkender (2002) and Kim, Mauer, & Sherman (1998) for the US market, Bover & Watson (2005) for Spain, Pinkowitz & Williamson (2001) , and Ferreira & Vilela (2004) for other international countries.
In contrast to the relationship between firm size and cash holdings, the relationship between leverage and cash holding is not clear. On the one hand, there can be a negative relationship because high leverage can be a signal that the company can access the debt market (Ferreira & Vilela, 2004) : thus, the company has no need to hold much cash. In addition, it can be argued that the costs of holding cash are greater for high leverage companies than for low leverage companies (Ozkan & Ozkan, 2004) . On the other hand, high leverage firms are considered to have higher financial risk. The firms, therefore, need to hold more cash to decrease the risk, implying a positive relationship between leverage and cash holdings.
Cash flow, which is measured as profit after tax plus depreciation, provides a ready source of liquidity, implying that it can be regarded as substitutes (Kim et al., 1998) . This suggests a negative relationship between cash flow and cash holding. In contrast, the trade-off theory predicts the positive relationship between cash flow volatility and cash holding (Ozkan & Ozkan, 2004, and Bigelli & Sanchez-Vidal, 2010) . During a crisis, a larger amount of cash should be maintained as a safeguard for a firm whose cash flow volatility is high, to improve the probability of survival. Some studies, such as Bigelli & SanchezVidal (2010) , Ferreira & Vilela (2004) , and Opler et al. (1999) document the positive relationship between cash flow volatility and cash holding.
Similar to cash flow, liquid assets are substitutes for cash holdings since these assets can be easily converted into cash and with low costs (Bigelli & Sanchez-Vidal, 2010; Ferreira & Vilela, 2004; and Ozkan & Ozkan, 2004 ). This suggests the negative impact of liquid assets on cash holdings.
In terms of investment opportunities, according to Ferreira & Vilela (2004) , a firm with greater investment opportunities will have higher costs if the firm experiences bankruptcy: it cannot turn these opportunities into reality. This provokes a positive investment opportunity impact on cash holding, since the firm will hold more cash to operate smoothly and reduce bankruptcy costs.
Based on the trade-off theory, dividend payments and cash holdings are predicted to have a negative relationship. It is arguable that firms that pay dividends can afford to hold less cash when they are more capable of raising funds (Ozkan & Ozkan, 2004) . Ferreira & Vilela (2004) , Ozkan & Ozkan (2004) , and Pinkowitz & Williamson (2001) have found evidence supporting this prediction.
Pecking-order theory
According to the pecking-order theory, a firm manager attempts to lower the cost of information asymmetries and other financing expenses. The first source of funding future investment for the company comes from retained earnings (internal funds). The firm can then decide to use debt instruments and finally, equity instruments. Ferreira & Vilela (2004) argue that cash can be seen as a buffer between retained earnings and investment needs.
The pecking-order theory implies that firm size and cash holding have a positive relationship because larger firms are considered to be more successful and therefore maintain more cash for future investment. Nevertheless, neither Opler et al. (1999) nor Ferreira & Vilela (2004) found evidence supporting this prediction.
When retained earnings are less than investment, debt instruments are issued. Moreover, when retained earnings are not sufficient to invest in future projects, cash holding will fall, suggesting that there is a negative relationship between the holding of cash and leverage (Ferreira & Vilela, 2004) .
With regard to cash flow and investment opportunity, the pecking order theory predicts a positive impact of cash flow and investment opportunity on cash holding. High cash-flow firms are considered to have outstanding operating performance and hence can have many investment opportunities. As a result, the firms have to hold more cash (Ferreira & Vilela, 2004) because they prefer an internal, rather than an external, financing source (Ozkan & Ozkan, 2004) .
Free cash flow theory
Under the free cash flow theory, firms' managers can increase their power by holding more cash because the manager can make a discretionary decision. Managers with a large amount of cash do not need to go to an external financing market and provide detailed information about the firm's investment project to outside investors.
The free cash flow theory suggests a positive impact of firm size on cash holdings. In bigger firms, which usually have more diversified shareholders, managers can make decisions at their discretion. This leads to the increase of company cash holding because doing so can help managers increase the power of investing and financing decisions (Ferreira & Vilela, 2004 ).
Investors may not monitor companies with low leverage so much, making more room for company managers to benefit themselves by holding a large amount of cash. Consequently, companies with less leverage tend to hold more cash, implying a negative relationship between leverage and cash holding. + n/a n/a Liquid assets -n/a n/a Investment opportunity + + -Dividend payment -n/a n/a
Note: This table summarizes the predictions of determinants of cash holding in relation to the trade-off theory, pecking-order theory, and free cash flow theory. "+" -indicates a positive relationship, "-" -indicates a negative relationship, and "n/a" indicates no prediction.
Managers of companies with poor investment opportunities want to hold more cash to ensure that they can invest in as many projects as they wish, even though these may have negative net present value that can decrease the market value of the company. Nonetheless, a firm's book value may increase because the company invests in more projects. Consequently, the investment opportunity, calculated by the market-to-book The relationship between firm size, leverage, cash flow, cash flow volatility, liquid assets, investment opportunity and dividend payment with cash holding will be summarized in Table 1 . The outcomes of this study are analyzed on the basis of theory assumption and the results of previous authors.
Data and methodology

Data
Our sample includes non-financial companies listed on the London Stock Exchange that are components of the FTSE 100 Index from 2011 to 2016. The financial data is collected from the Bloomberg database. We exclude firms in the financial sector as they have a different motivation for holding cash than firms in the non-financial sector. Our final sample has 456 firm-year observations.
Methodology
To investigate the determinants of cash holding, the following regression model is employed:
We have applied pooled OLS regression, fixed effects regression, random effects regression and Fama-MacBeth (1973) regression for the equation above. The dependent variable is , measured by the ratio of cash and cash equivalent over total assets. equals the natural logarithm of total assets. is calculated as the total debt divided to total assets. measures the firm's cash flow and is computed by the ratio of EBITDA (earnings before interest, tax, depreciation and amortization), minus interest and tax expenses and dividend paid over the total assets. is cash flow volatility, measured by the standard deviation of the cash flow over a 4-year period over the total assets. Liquidity assets, , is calculated as the net working capital over the total assets, in which net working capital equals total current assets minus total current liabilities and minus total cash and cash equivalents.
(investment opportunity) is the ratio of the market value of assets over the market value of equity. takes the value 1 if firms pay dividend and 0, otherwise. Finally,  is the error term. The index and are the company and year , respectively.
To control for the difference between industries in our sample, we have included the industry dummies in our regression. In addition, to control for the impact of different years, we also have included the year dummies in our regression. To control for the effect of outliers, all the variables are winsorized at the 1st and 99th percentile.
Empirical results
Univariate analysis
Table 2 provides summary statistics for our sample. The mean of cash ratio is 0.0782 with the minimum of 0.0027 and the maximum of 0.3396, implying that the cash level varies significantly among firms. The variety in the independent variables is also observed. For example, the firm leverage has a mean of 0.2685 and ranges from 0 to 0.6565. To further investigate the firms' characteristics, we have divided the sample into two groups based on the median of the cash ratio. The firm with a higher or equal cash ratio to the median will be in the high cash ratio group. The other firms are considered as low cash ratio firms and are included in low cash ratio group. Table 3 compares the firms' characteristics of the high cash ratio with the lower group. Note: This table compares the firms' characteristics of the high cash ratio group with the corresponding low cash ratio group. The firm is classified as high cash ratio if its cash ratio is higher than or equal to the median of cash ratio. The other firms are considered as low cash ratio firms and are included in the low cash ratio group. Mean and median differences are based on t-test equality of means and Wilcoxon rank-sum test. All the variables are winsorized at the 1th and 99th percentile. ***, **, and * indicate significance at 1%, 5%, and 10% level, respectively.
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The results in Table 3 show that the level of cash holding can be explained by three above theories. The high cash flow group has higher cash flow volatility and higher investment opportunity and pays fewer dividends than the low group, suggesting that the trade-off theory has a role in influencing the firms' cash holding behavior. In addition, the lower leverage in the high cash flow group indicates that the pecking-order theory and free cash flow theory can also account for the cash holding behavior. Table 4 provides the correlation among the variables employed in our model. All values in Table 4 are below 0.7, suggesting that our regression models are not likely to have a multicollinearity problem. Table 5 presents the results of the multivariate analysis. Column 1 applies pooled OLS regression to examine the determinants of cash holding. The coefficient of firm size is negative and significant at 5 per cent level. This result is consistent with Opler et al. (1999 ), Ferreira & Vilela (2004 , Kim et al. (1998) and supports the trade-off theory. In addition, the significantly positive coefficient of investment opportunity supports not only the trade-off theory but also the pecking-order theory. These results are similar to those in Opler et al. (1999) , Ozkan & Ozkan (2004 ), Ferreira & Vilela (2004 , and Kim et al. (1998) . With regard to leverage coefficient, the significantly negative coefficient of leverage confirms the explanation of the pecking-order theory and free cash flow theory for the company managers' cash holding behavior.
Multivariate analysis
Column 2 of Table 5 shows the results when using Fama-MacBeth regression. The results of column 2 are consistent with the results of column 1, except that the coefficient of cash flow volatility is significantly positive at 10 per cent level, suggesting that the trade-off theory is supported. Opler et al. (1999) and Harford, Mansi, & Maxwell (2012) also find that cash flow volatility has a positive impact on cash holding.
The results of column 3, employing the fixed effects model, and column 4, using the random effects model, are rather similar to each other. The negative impact of firm size on cash holding in columns 3 and 4 supports the evidence found in columns 1 and 2, suggesting that the trade-off theory can explain the impact of firm size on cash holding. In contrast to columns 1 and 2, columns 3 and 4 show that the coefficient of cash flow is positive and significant at 1 per cent level, consistent with the explanation of the peckingorder theory. This confirms the results in Opler et al. (1999) , Ferreira & Vilela (2004) and Ozkan & Ozkan (2004) . are from the fixed effects model and random effects model, respectively. Industry dummies and year dummies are included in our regressions but not reported. All the variables are winsorized at the 1th and 99th percentile. Standard errors adjusted for heteroscedasticity and autocorrelation are reported in parentheses. ***, **, and * indicate significance at 1%, 5%, and 10% level, respectively.
Overall, we find strong evidence supporting the trade-off theory and weak evidence for the pecking-order theory and free cash flow theory.
Conclusion
Our paper revisits the determinants of company cash holding and attempts to explain the cash holding behavior of firms' managers. Our sample includes non-financial companies listed on the London Stock Exchange that are components of the FTSE 100 Index from 2011 to 2016. We employ different methods, including pooled OLS regression, FamaMacBeth regression, fixed effects regression, and random effects regression, to examine the determinants of cash holding.
Consistent with previous studies (Opler et al. (1999); Ferreira & Vilela (2004) ; Ozkan & Ozkan (2004) ; Harford et al. (2012); and Kim et al. (1998) ), we show that firm size, leverage, cash flow, cash flow volatility, and investment opportunity exert influence on such cash holding behavior by firms' managers. This behavior can be explained by the trade-off theory, the pecking-order theory and free cash flow theory.
Our results may shed light on the decrease in the cash holding level for the post-crisis period. The coefficient of firm size is significantly negative in all regression models, suggesting that the main reason for the decline in cash holding levels is because of the increase in firm size. After the financial crisis in 2008-2009, the UK economy grew more strongly than expected (Chan, 2015) , provoking the development of UK firms.
